
About 62% or 30 million ha (iii million ac)
of pastureland in the United States require
some type of conservation treatment,
such as prescribed grazing manage-
ment, nutrient management, or pasture
and hayland planting (USDA NRCS 2003,
2004). Recent developments in grassland-
based livestock production systems have
created a need for new methods of assess-
ing and monitoring pastures. For example,
assessment and monitoring tools are needed
in forage budgeting, stocking rate or stock-
ing density decisions, nutrient management
plans, and meeting regulatory require-
ments of governmental programs (e.g., the
Conservation Stewardship Program, Federal
Register 2005).

Methods to assess and monitor rangeland
health have been developed and imple-
mented in the Western United States (Pyke
et al. 2002). Development of methodology

for pastureland, however, has lagged. Early
versions of tools for pastureland nionitOr-
ing were adapted froni tools for rangeland
use (Cropper 2004), despite critical differ-
ences in several attributes between pasture
and rangeland. Rangelands are concentrated
in the drier western United States and are
managed as native ecosystems with few or no
inputs. Pastureland vegetation consists mostly
of introduced species adapted to higher
rainfall or irrigated conditions and typically
receive management and agronomic inputs
such as seed, fertilizer, and pesticides. Thus,
some criteria and indicators used in range-
land monitoring may not he appropriate for
pastureland, and different criteria, indicators,
and approaches may be required.

The Pasture Condition Score (PCS) sys-
tells was developed as a monitoring and
management tool on grazing lands (Cosgrove
et al. 2001). In this system, pasture condition

is defined as "the status of the plant com-
munity and the soil in a pasture in relation
to its highest possible condition tinder ideal
management." Ten indicators (proportion of
desirable plants in the sward dry matter, plant
cover, plant dwersiq, plant residue, plant vigor,
proportion of legume in the sward dry mat-
ter, uniformity of use, livestock concentration
areas, soil compaction, and soil erosion) (table
1) of pastureland status are rated Oil a I to
5 scale and are sunmmed to give an aggre-
gate score (table 2), which is evaluated along
with causative factors explaining reasons for
low condition cores. the PCS has been
implemented fi)r USDA Natural Resources
Conservation Service (N R.CS) conserva-
tion programs, such as the Conservation
Security Program (Federal Register 2005),
which is currently called the Conservation
Stewardship Program.

The PCS methodology recommends that
pastures be scored yearly to track trends or
changes in pastures. It also reconimnends that

it is often wise to score a pasture at thiffir-
cut, key times during the year before deciding
to make changes in managenient" (Cosgrove
et al. 2001). Previously we reported survey
results on pasture condition scores of selected
pastures on farms across the northeast United
States (Sanderson et al. 2005). In this study,
our objective was to determine how pasture
condition scores varied within farms and
determine the variation in pasture condition
scores within and among grazing seasons.
This information will be useful in developing
efficient assessment and monitoring systems
for tarism advisors and farmers.

Materials and Methods
We contacted extension service and NRCS
advisors in Pennsylvania, Maryland, and
New York to identify' potential farms for
this study. These three states account for
nearly half of the pastureland area in the 13
northeastern states (USDA NP-CS 20(3).
Our criteria for firm selection included the
following:

1. Pasture should contribute substantially to
the firni system.
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Abstract: The Pasture Condition Score (PCS) system, developed by the USDA Natural
Resources Conservation Service, is a monitoring and assessment tool for pastureland enrolled
in conservation programs. Ten indicators of vegetation and soil status are rated on a 1 to 3
scale and are summed to give an aggregate score, which is interpreted for management rec-
omniendations. Information is lacking. however, oil lCS results vary within and among

environments and firms. We applied the PCS on two farms in Pennsylvania (one dairy, one

beef), two dairy farms in NewYork, and all 	 dairy in Maryland All pastures (23 to 63
per farm) oil farm were evaluated according to PCS methodology in spring, summer.
and autumn of 2004, 2005, and 2006. Aggregate PCS scores ranged froni 30 to 40 (indicating
some improvements were needed to pasture management) and were relatively stable within
management recommendation categories across seasons in 2004 and 2006. The PCS scores
in 2005, however, plummeted (below 25 to 30—indicating major management changes to
prevent degradation) oil the Pennsylvania and Maryland farms because of drought. Pastures
used for heifers and dry cows or as wintering areas often had lower scores than other pastures.
Typically, these pastures were oilless productive soils, steep slopes., and were stocked Inten-
sively. There was much overlap among individual score categories for some indicators, which
suggests that fewer but broader score categories (e.g., low, medium, high) would simpliff the
system for farmers. The monitoring workload could be reduced by assessing representative
subsets of pastures managed similarly or in similar landscape positions instead of all pastures

oil farm.
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Table 
Descriptions of the io indicators in the pasture condition score system (Cosgrove etal. 2001; Cropper 2004).
Indicator	 Description and purpose

Proportion of desirable plants
Plant cover
Plant diversity
Plant residue
Plant vigor
Proportion of legumes
Uniformity of use
Livestock concentration areas
Soil compaction

Soil erosion

Pasture composition of plants that livestock will readily graze
Live stems and green leaf cover of all desirable and intermediate species; critical measure of hydrologic condition
Number and proportion of forage grass and legume species
Amount of standing dead and litter ground cover; critical to nutrient cycling
Visible signs of nutrient, drought, or pest stress
As a proportion of the sward dry matter; legumes supply nitrogen and have high nutritive value
Estimates of areas rejected by grazing animals and areas that have been overgrazed
The number, size, and proximity to water channels significantly effects on surface and ground water
Estimates of animal treading resulting in soil compaction by visual estimates of soil roughness and probing

with a wire

Visual estimates of degree of sheet, rill, wind, gully, streambank, and shoreline erosion

2.The firnas should he dairy or beef, the
predominant annual agricultural enter-
prises in the northeastern United States.

3. The farmer would be willing to share
farm records and nianagement informa-
tion oil confidential basis.

After meeting and consulting with county
extension agents. NRCS technical advisors,
and candidate farmers, we chose five farms
(based oil three criteria listed above)
for the study (table 3). Two farnis were in
Pennsylvania (PA I and PA2, beef and dairy

respectivel y), two were it) New York (NY I
and NY2, both dairies), and one was in
Maryland (MD 1, organic dairy).

We visited each 6irni in spring (April or
May), summer (lu!'). and autumn (Scpteniber
or October) of 2004, 2005, and 2006, to col-
lect vegetation, soils, PCS score, and farm
management data. We established a perma-
nent transect for monitoring vegetation and
soil properties in nearly all pastures on each
farm with a few exceptions. Some transects
were added, moved, or abandoned because

of changes iii farm iiianagenient. There were
10 to 30 11.25 ni (2.7 ft 2 ) quadrats (depend-
ing on pasture size) oil 	 line transects. The
quadrats were spaced oil zigzag pattern
alternating to the left, right, or center of the
line transect. The same start and end points
were used for the transects at each sampling,
but we (lid not relocate the quadrats exactly.
Within each quadrat, plant canop y cover was
visually estimated for each species along with
ground cover of litter and amllount of hare
ground, according to in eight-point cover-
class scale (0% to 1%. 1% to 5%, 5% to 101%,
10% to 25%,25% to 50%,50% to 75%,75%,
to 95%, and 951A to 100%). This method
nianily estimates the dominant plant species
and was not nicant as all exhaustive survey.

All pastures oil Cirni were evaluated
according to the published iiiethodolosv for
the KS system (tables 1 and 2) ((.osgrove
en al. 201)1) oil each date. The same person
rated all pastures, with the exception of one
farni in summer of 2004. Each pasture was
walked in a structured wa y with at least two
passes in a zigzag pattern while noting sev-
eral observations during each pass to aid in
estimating scores for the individual indica-
tors. Each indicator was estimated visually

Table 2
Explanation of pasture condition score categories (from Cosgrove etal. 2001).
Individual	 Aggregate
Indicator score	 score	 Interpretation and management recommendation

5	 45 to 50	 No changes in management needed at this time
4	 35 to 45*	 Minor changes would enhance, do most beneficial first
3	 25 to 35	 Improvements benefit productivity and/or environment
2	 15 to 25	 Needs immediate management changes, high return likely
1	 10 to 15	 Major effort required in time, management, and expense
* To be eligible for enrollment in certain USDA Natural Resources Conservation Service
programs (e.g., the Conservation Security Program) pastureland must score 35 or higher
(Federal Register 2005).

Table 3
Characteristics of the five farms monitored during 2004, 2005, and 2006.

Number of
Pastures pastures

Farm County and state	 (ha)	 monitored	 Operation type

MD1	 Frederick, Maryland	 85	 55 to 63	 Organic seasonal dairy

NY1	 Delaware, New York	 43	 16to20	 Pasture-based dairy

I NY2	 Delaware, New York	 46	 14to18
	

Pasture-based dairy

PAl	 Dauphin, Pennsylvania 	 101	 18 to 30
	

Beef cow-calf farm
PA2	 Northumberland, Pennsylvania	 81	 20to27	 Pasture-based dairy

Dominant	 Physlographic
soil types	 province

Fanquier and Myersvihle 	 Piedmont
silt barns

Willowemoc channery silt	 Allegheny plateau
loam and Halcott rocky soil

Willowernoc and Lewbeach 	 Allegheny plateau
channery silt barns

Lansdale loam and silt loam	 Piedmont
Weikert shaly silt loam	 Ridge and valley
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Table 4
Soil nutrient levels and soil texture in the o to 15 cm soil layer on each farm in spring 2006.

MDi.	 NY1	 NY2	 PAl	 PA2

pH

Average	 6.8	 5.7	 6.0	 6.5	 5.8

Range	 6.4 to 7.3	 5.0 to 6.6	 5.2 to 6.5	 6.1 to 7.1	 5.1 to 6.8

SD	 0.2	 0.5	 0.3	 0.3	 0.4

Organic matter (%)

according to the scoring criteria in the
l'CS svsteni.

In spring 2006, we collected one compos-
ite soil sample of 15 to 20 cores to a (I to
15 ciii (1) to 6 in) depth from each pasture on
the five farms (Hedges and Kirkland 1994)
The individual cores were taken with a
234 ciii (I in) diameter steel soil probe on a
zigzag pattern. Fence lines, visible dung piles,
and obvious annual concentration areas (e.g..
waterers, feeders) were avoided. The soil
samples were air-dried, sieved to pass a 2 mni
(0.08 in) screen, and analyzed at the Penn
State Agriculture Analytical Laborator y for
organic matter, pH. phosphorus (P) (Mehlich
Ill extractant). potassium (K), (table 4) niag-
nesiuni (Mg), and calcium (Ca) (Sims et al.
1995).

A cone pen etroinecer (Dickey-johnn
model with a 1.9 ciii [0.75 ml tip) was used
to measure soil resistance as an estimate of
soil compaction (Penn State Universit y 20112:
ASABE 2006). Soil resistance to penetration
is a sensitive indicator of the effects of grazing
on soil strength (Chanasyk and Naeth 1995).
Five to 30 nieasurcnlents were taken perpen-
dicular to the soil surFice to a 15 cm (6 in)
depth on the sanie transects used for vegeta-
tion assessment in each pasture. In addition,
at least 36 nieasureinents were taken iii areas
that received no annual traffic. 1 he pen-
etrometer was pushed manually into the soil
at about 30 nun s (1.2 in sec ). Maximum
readings on the cone penetronieter dial were
recorded on ;I of I to 6: (I) 0 to ((.7
M Pa ((1 to 100 psi), (2) ((.7 to I .0 MPa (10(1
to ISO psi). (3) 1.0 to 1 .4 MPa (ISO to 200
psi). (4) 1.4 to 1.7 MPa (200 to 250 psi), (5)
1 .7 to 2. I MPa (250 to 300 psi), and (6) >2.1
MPa (>301) psi).

We gathered several pieces of inforiiia-
tion (if available) froni the farmers: (1) the
nunibers and types of grazing ainnials (e.g.,
milking cows, heifers, dry cows. etc.) (2)
the frequency, length, and timing of grazing
periods on pastures: (3) approximate stocking
densities; (4) fertilizer or manure amounts
and applications: (5) frequency and timing
of clipping or conserved forage (hay, hal-
age, silage) harvest; (6) amount and types of
supplemental feed used oij pastures or fed in
the barn; (7) field nianageinent for new seed-
ings (e.g.. forage species used, seeding rates,
field preparation): (8) age of the pastures: (9)
winter pasture managenient; and (10) animal
production. Weather data for each turin was
obtained froni the nearest recording station.

Average	 4.1	 5.9

Range	 2.8 to 5.3	 3.6 to 8.6

SD	 0.6	 1.1

Phosphorus (mg kg-1)

Average	 46	 33

Range	 13 to 199	 13to86

SD	 33	 18

Potassium (mg kg-1)

The PCS score data were ex,unined to
check the asstnliption for normality, and
slight skewness was detected in plots of
residuals. Transfbrniations did not resolve
the small degree of skewness: thus untrans-
formed data were anal yzed. A linear, mixed
niodels procedure (SAS 2003) was used to
analyze the data. Farms and environments
(nine environilien Is, combinations of years
and seasons) were considered fixed effects,
and pastures within farms were considered
random effects. Means were separated with
the PDIFF procedure in Statistical Analysis
Systems with a Bonferroni adjustment.
Transect data on bare ground, forage species
cover, legume cover, and soil resistance were
compared against the associated indicator
ratings with the Speariiian rank (r). Box plots
were used to exaiiiine PCS score distribu-
tions .iiiIong and within firnis and years.

Results and Discussion
A,eJ./rega tt' Scores-Yearly and Seasonal

Variation. The mixed model analysis indi-
cated significant effects of environment (year
and season), farms, and an interaction among
farnis and environments for aggregate PCS
scores. Average i'CS scores, along with out-
conies of nsean comparisons, are in table 5.

6.8	 2.2	 4.1

5.9 to 9.6	 1.6 to 3.1	 2.7 to 5.9

0.8	 0.4	 0.9

82	 212	 101

13 to 302	 37 to 382	 27 to 332

80	 37	 27

Because our primary interests were the range
of variation in scores and explanations for
the variation, we also present box plots of the
scores by farm and season 10 display score
distrihu tioi is (figure 1

In 2004, PCS scores for farms Ml) I, NY2,
and i'A2 remained relatively stable or increased
slightly from spring to autunin (table 5, fig-
ure 1). The majority of PCS scores for Ml) 1
were between 35 and 45 (category of "only
minor changes to inanagenlent needed)
(table 2). Scores decreased for NY I in sum-
nier, and scores for PAl decreased in autumn.
To he eligible for certain USDA NRCS con-
servation programs (e.g.. the Conservation
Security Program), pastures must score 35 or
better (Federal Register 2005).

The PCS scores in 2005 decreased dra-
matically from spring to autumn for farms
MD l, PA I, and PA2 (table 5) (figure 1)
because of hot and dry weather that affected

large area of the mid-Atlantic region dur-
ing nnd to late summer. Scores for these
farms were in or near the category where
immediate changes to pasture management
were necessary to prevent further degrada-
tion (scores between IS and 25). Rainfall
in Septeniber was 0.7 cm (0.3 us) at Ml) 1
compared with the long-terin average of

Average	 221	 128	 190	 221	 251

Range	 72	 to 453	 65 to 209	 65 to 534	 103 to 375	 74 to 806

SD	 87	 41	 111	 64	 139

Soil texture 1%)

Sand	 25.6	 34.6	 46.4	 39.0	 36.5

Silt	 43.9	 40.7	 36.1	 35.0	 39.0

Clay	 30.5	 24.7	 17.4	 22.8	 24.5

Notes: PAl, PA2, NY1, NY2, and MD1 represent study sites (see table 3).

SD = standard deviation.
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Table 5
Pasture condition scores averaged within farms during spring, summer, and autumn of three years.

2004	 2005	 2006
Farm	 Spring	 Summer	 Autumn	 Spring	 Summer	 Autumn	 Spring	 Summer	 Autumn
MD1	 37	 38a*	 41a
NY1	 35	 29b	 31b
NY2	 33	 33ab	 36ab
PAl	 34	 35b	 31b
PA2	 35	 33ab	 35ab

38a	 37a	 25c
36ab	 31ab	 34a
34a 	 33ab	 33ab
34ab	 31ab	 26bc
33b	 30b	 24c

36	 37a	 37a
34	 33ab	 33ab
34	 33ab	 37ab
34	 33a	 33ab
34	 25b	 30b

* Values followed by different letters differ at p < 0.05 as determined by PDIFF in Statistical Analysis Systems with a Bonferroni correction.

9.7 cm (3.8 in). August and September rain-
fall was only 34% of the long-term average at
PAl and was 57% at PA2.The PCS scores for
NY1 and NY2 did not change as much as
other farms during 2005, primarily because
rainfall was above the long-term average and
summer temperatures were relatively moder-
ate in Delaware County, New York, during
2005. In 2006, the patterns and categories of
PCS scores were stable among farms, except
for farm PA2, which had a large decrease in
PCS during the summer (table 5) (figure 1).

In most instances the reduction in PCS
scores because of environmental stress in
summer and autumn was temporary and
did not signal a long-term decline in pas-
ture condition. Scores typically rebounded
to prestress levels within a few months or by
the spring of the next year (table 5) (figure 1).
For example, PCS scores for farm M D 1 bor-
dered on the second-lowest category (15 to
25, category indicating "immediate changes
needed to management to prevent degra-
dation") (table 2) in the autumn of 2005;
however, by the spring of 2006, the PCS
scores had returned to the highest category
and remained in that range for the rest of the
year. Thus, most pastures had a large capacity
to recover from environmental stresses.

The strong effect of weather on PCS
scores suggests the need for multiple assess-
ments during the grazing season. Basing
management decisions on a single evalu-
ation during the grazing season could give
misleading results. The "Guide to Pasture
Condition Scoring" suggests rating pas-
tures at several critical management periods,
including the beginning and end of the graz-
ing season and during times of plant stress
(Cosgrove 2001). Our data strongly supports
these recoinmendatiomis

Aggregate Scores— Within Farm Variation.
The dairy farms generally had a similar
structure of pastureland use and manage-
ment. Farmers grouped pastures into those
for the milking herd, heifer pastures, and dry
cow pastures. Some pastures were set aside

for hay or halage harvest in spring and then
were grazed in summer (labeled hay/graze in
figure 2).There were also one or two pastures
designated as sacrifice areas for winter feed-
ing or holding areas during wet weather. The
beef farm (PAl) was structured differently.
One set of pastures was used as a winter-
ing area for the beef cow-calf herd and then
was grazed as needed during the remainder
of the year. A set of older, unimproved per-
manent pastures along the stream bisecting
the farm was used for steers and heifers and
sometimes for the main herd.The remaining
pastures were grazed in rotation with spring_
and fall-calving cow herds.

Pasture management and landscape fea-
tures had a large effect on PCS scores.
Pastures used for heifers and dry cows or for
wintering cattle frequently had lower PCS
scores than other pastures (figure 2).Typically,
livestock on these pastures were stocked at
higher densities, and grazing periods were
longer than on other pastures. On Some
farms, these pastures were on less produc-
tive soils and steep slopes, which may have
affected scores.

Pastures on farm MDI, an organic dairy,
were relatively uniform with gentle slopes
(3% to 8%) and had all been established at
about the same time in the I 990s. The uni -
formity in landscape and management of this
farm probably contributed to the uniformity
of PCS scores during the three years of mon-
itoring (figures 1 and 2). Pastures grazed by
heifers had a lower mean and wider range in
scores than other pastures.

On the NYl dairy farm, PCS scores
reflected grazing management and landscape
effects. The pastures used for hay and grazing
were on lower lying areas (3% to 8% slopes)
of the farm, and PCS scores remained above
35 (figure 2). Most of the pastures grazed by
milking herd 1 occurred on relatively steep
slopes (15% to 35%), but more than 75% of
the scores were above 35 during the year.
In contrast, the pastures grazed by milking
herd 2 were on a very steep hillside (1(1%

to 70% slopes) that had been cleared of trees
in 1997 and seeded to a 'conservation mix"
of grasses and legumes. Soil pH and P were
low (5.2 and 17 mg kg, respectively), brush
was prevalent, and forage was not well uti-
lized by the cattle, The dry cows and heifers
were kept on pastures with shallow, low-fer-
tility soil and abundant brush. As a result, the
PCS scores for these pastures rarely exceeded
35. At both the NYl and NY2 farms, the
pastures Set aside for hay in spring and used
for grazing later had high PCS scores. The
sacrifice pasture on NY2 had very low scores
because of compacted, bare soil.

At the PA2 dairy, pastures grazed by heif-
ers were on steep slopes (15% to 25%) and
were continuously stocked, which resulted in
frequent overgrazing. Bare ground and sig-
nificant erosion were frequently rioted in the
pastures and resulted in low PCS scores (fig-
ure 2). Dry cow pastures were also on steep
slopes (15% to 25%). These site characteris-
tics probably limited PCS scores.

Pasture condition scores on the PAl beef
farm varied according to current and previ-
ous management. Pastures that had been in
long-term hay production before conversion
to pasture maintained high PCS scores in a
narrow range (figure 2). The lowest scores
occurred in the pastures used for winter-
ing cattle and on a set of pastures that had
repeated seeding failures and an eroded
stream channel (labeled "Field 17" in fig-
ure 2). The wintering pasture and Field 17
had much hare ground and abundant weedy
species, which reduced scores. Field 17 also
suffered from erosion and soil degradation
from livestock concentration along a small
intermittent stream. The stream was fenced
to exclude cattle in 2005, and PCS scores
improved (data not shown).

Scores or ratings in the PCS system are not
evaluated against a standard reference condi-
tion or site. Rather, scores are to he assigned
to a pasture " ...in relation to its highest pos-
sible condition under ideal management"
(Cosgrove et al. 2(101). Thus, it is assumed
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Figure 1
Pasture condition scores on five farms in the northeastern United States during spring, summer, and autumn of 2004, 2005, and 2006. Boxes
show the distribution of values from the 25th and 75th percentiles, whiskers indicate the ioth and 90th percentiles, and the Line inside the
boxes indicates the median value. Individual data points indicate outliers. Dashed horizontal lines indicate cutoff values for management

recommendation categories.
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Notes: PAl, PA2, NY1, NY2, and MD1 represent study sites (see table 3).

that management changes (e.g.. changes for assessing indicators of rangeland health, in tirins we monitored changed dramatically in
in stocking density; fertilizing; reseeding which indicators are evaluated based on their response to weather and to management, it
pastures) alone can improve PCS scores, degree of departure from an ecological refer- is clear that some pastures had inherent site
regardless of landscape or site characteristics. ence area or ecological site description (Pyke characteristics (e.g.,rocky. excessively drained
This is in contrast to the methodology used et al. 2002). Although the PCS scores on soils; very steep slopes) that would limit or
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Figure 2
Variation in pasture condition scores within five farms in the northeastern United States. Pastures were grouped by primary management or use.
Data are alt scores across spring, summer, and autumn for three years on each farm. Boxes show the distribution of values from the 25th and 75th
percentiles, whiskers indicate the ioth and 90th percentiles, and the lines inside the boxes indicate the median values. Individual data points
indicate outliers. Dashed horizontal lines indicate cutoff values for management recommendation categories.
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Figure 3
Distributions of individual indicator scores. Data are for all farms, years, and seasons

(n = 1,252).
colistralil attempts to improve PUS through
nlanaenient. in these instances, evaluating

Proportion of desirable plants	 Proportion of legume
indicators against an ecological or site-type 
reference condition may he useful. A starting	 60	 1
point for this etTort could he the use of for-
age suitability groups (Cropper 2003). 40

Indii'idua! Indicator Scores. To bet-
ter understand the changes in composite
PUS scores, we examined the distributions 	 20

of scores for the 10 individual indicators
(figure 3). The indicators for legume con- 	 0

Plant cover	 Uniformity of use
tent and forage diversity scored lowest oil 
farms ill all years. About 70% oflegumne imidi- 	 60
cator scores were in category I . An indicator
score of 1 means that the legume content was 	 40
10% or less of the sward dry matter, and an
indicator value of 2 means that the legume

20

dry matter. Legume canopy cover estimated 	 fl fl flILL]r--i p-

component was 11' to 19% of the sward

in the quadrats on pasture transects was 20% 1 	 0
0

n farm M1)1, and less than 11(0 oil 	 E	
Forage diversity	 Livestock concentration areas

U)
farms (table 6). White clover was the most 	 Ui	 60

0
abundant legume. Our previous surveys of
PUS oil 	 farms also showed that 40
the legume and forage diversity indicators	 0

0
scored lowest (Sanderson et al. 2005). The 20
low proporti011 of leguules in pastures on the C
farms is consistent with other research in the
northeast United States. Legumes accounted
for about I 5 1Y, of sward dry iiiatter (based	

Plant residue	 Soil compaction

oilhand separations of herbage) in pastures	 60
oil 	 farms in Pennsylvania, New York, and
Vermont (flyers and Barker 2000; flyers et al. 40
2000). White clover (Tritldiion repens L.) was
the most abundant legume in those studies.

nnfln

20Legume dry matter proportions of 35% to
40% are considered optinlunl for sustainable
herbage yields and forage quality of mixed-	 0

species pastures (Thomas 1992). 	
Plant vigor	 Soil erosion

	The legume component of pastures can be	 60
affected by soil pl-I and P along with grazing
management. The average soil pH Oil PA2,	 40
NYI, and NY2 was below 6.0, lower than
recommended for most cool-season legumes

rflni

20
(Snyder and Leep 2007) (table 4). Thus, soil
pH imav have limited legunme persistence
oil 	 farms. Soil P was at or above agro- 	 0

1	 2	 3	 4	 5	 1	 2	 3	 4	 5
noic sufficiency levels oil all farms (tablem 

	 -

4) and probably did not limit legume per- Individual indicator score category
sistence. Froni discussions with the farmers
and visual observation, we noted that farml-
ers often struggled with managing the rapid to sward dry matter (Hoglind and Frankow- of Visual estuilateS of legume canopy cover

spring growth of forage in pastures. This led 	 Lindberg 1998).	 with hand-separated safllpleS In = 99, r =

to accumulation of tall, over-mature for- 	 Multiplying legume canopy cover by 0.7 0.78, root mean square error = 16.41) (M.A.

age, which niay have shaded legumes and estimates legunie content as a percentage of Sanderson unpublished data). There was
reduced their persistence and contribution the sward dry matter in pastures of the north- good agreenlent anlong the visual estiniates

eastern United States (based on coiliparisOns 	 of legunie content (percentage of sward dry
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Table 6
Canopy cover of the top ten plant species in pastures on five farms in the northeastern United States. Data are averaged for all pastures on the
farms over three years and three sampling times per year. Use of bold indicates legume species.

MD1	 Cover NY1	 Cover NY2	 Cover PAl	 Cover PA2	 Coverspecies	 (%)	 species	 (%)	 species	 (%)	 species	 (%)	 species	 (%)
Tall fescue	 34	 Kentucky bluegrass 	 27	 Kentucky bluegrass 	 27	 Tall fescue	 26	 Orchardgrass	 19
White clover	 17	 Dandelion	 10	 Orchardgrass	 14	 Kentucky bluegrass	 18	 Tall fescue	 15
Orchardgrass	 16	 White clover	 8	 Dandelion	 14	 Orchardgrass	 17	 Kentucky bluegrass	 7
Kentucky bluegrass 	 12	 Orchardgrass	 7	 White clover	 9	 White clover	 5	 Perennial ryegrass	 7
Dandelion	 4	 Germander speedwell 	 7	 Tall fescue	 7	 Perennial ryegrass	 3	 White clover	 6
Common plantain	 3	 Tall fescue	 6	 Timothy	 5	 Smooth crabgrass 	 3	 Dandelion	 5
Red clover	 3	 Timothy	 5	 Quackgrass	 5	 Bentgrass	 2	 Quackgrass	 3

L--No
tes:

lish plantain	 1	 Quackgrass	 3	 Germander speedwell 	 4	 Timothy	 2	 Chicory	 2
mon chickweed	 1	 Reed canarygrass	 2	 English plantain	 2	 Northern crabgrass	 1	 Lambsquarters	 2
nnial ryegrass	 1	 Redtop	 2	 Common plantain	 2	 Common chickweed	 1	 Alfalfa	 2

PAl, PA2, NY1, NY2, and MD1 represent study sites (see table 3).

--	 --	
-	 sward dry matter) grasses and legumes in tli

Figure 4 sward. Data on the canopy cover of the I (i

	

-	 i	 most abundant plant species on each farniRelationship between visual estimates of legume proportion in the sward (y-axis) and ndica- 	 -
tor scores for percent legume (x-axis). Boxes show the distribution of values from the 25th and 	 indicated that only two to tour plant spe-
75th percentiles, whiskers indicate the ioth and 90th percentiles, solid lines inside the boxes 	 cies accounted for more than 10% canopy
indicate the median values, and dashed lines indicate the mean. Individual data points indicate 	 cover (table 6). The most abundant species
outliers. Area between the dashed horizontal lines indicates the range that corresponds to the 	 were Kentucky bluegrass (Pea pratensis L.)indicator values of i to 5 in the pasture condition score methodology. Data are for all years, 	 orchardgrass (Dacrylis glonierata L.), and tallseasons, and farms.	

i	 fescue (Lolniin arundinaccion S.J. Darbyshire).
60

______________________________________________________________ 	
Grasses accounted for 51% (PA2) co 72%
(PA 1) of the canopy cover. The low leime
content of most pastures also contributed

50	 to low plant diversity scores. In a study on
the degree of plant diversity in northeast-E	 •	 cr11 pastures, total plant species richness of40

	 northeastern grazing lands ranged from 16
.	 4	 to 49 species per 1,000 rw (11.25 ac) with

- 30	
$	 -	 -	 an average of 32 species per 1,000 m 2 (0.25H	 - -	

-	 ac) (Tracy and Sanderson 2000). Pastures in
3	 that survey typically supported one or two

20	 -	 dominant and subordinate species with the2	
rensainder of the species pool accounted for

-	 :	 by transient, weedy species. White clover,10	 - -	 - -	 - - -	 -	 bluegrass, and orchardgrass were the most
-	 •	 1	 abundant species.

______________ 
	 Visual estimates of percentage forage spe-

1	 2	 3'4'	 cies cover (used as an estimate of "desirable
plants") were positively correlated with the

Individual indicator score for percent legume	 PCS score for the desirable plants indicator
-	 -	 -	 -	 (figure 5) (Spearman r = 0.56, p < 0.001).

There was poor agreement, however, within
matter) in the sward and corresponding ICS however, the remaining categories had sig- score categories and a large degree of overlap
scores for the indicator (figure 4) (Spearman 	 niticant overlap,	 among categories.. The distribution of scoresr = 0.57, p < 0.001). The average value for	 The distribution of scores for the plant in category 5 was nearly separated from the
visual estimates fell within prescribed diversity indicator fell mainly among scores remaining categories at the 25th and 75th
PCS indicator ranges with the exception of of I and 2 (figure 3), which according to the percentiles. About 70% of the indicator scores
score category 5, which had very few obser- scoring criteria, indicated that only a few fell in categories 4 and 5 (figure 3).The best
vations. There was a small overlap between forage species dominated in pastures. The agreement between forage cover and desir-
the 75th percentile for score category I and plant diversity indicator is based mainly on able plant indicator score seemed to bein
the 25th percentile of the other categories; the nunlber of "well represented" (20% of categories 4 (6(1% of the plant community as
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Figure 5
Relationship between visual estimates of forage plant cover (percent relative cover) and
indicator scores for desirable plants. Boxes show the distribution of values from the 25th and
75th percentiles, whiskers indicate the ioth and 90th percentiles, solid lines inside the boxes
indicate the median values, and dashed lines indicate the mean. Individual data points indicate
outliers. Area between the dashed horizontal lines indicates the range that corresponds to the
indicator values of ito 5 in the pasture condition score methodology. Data are for all years,

seasons, and farms.
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Figure 6
Relationship between visual estimates of total plant canopy cover (percent relative cover) and
indicator scores for total plant cover. Boxes show the distribution of values from the 25th and
75th percentiles, whiskers indicate the ioth and 90th percentiles, solid lines inside the boxes
indicate the median values, and dashed lines indicates the means. Individual data points indi-
cate outliers. Area between the dashed horizontal lines indicates the range that corresponds to
the indicator values of ito 5 in the pasture condition score methodology. Data are for all years,

seasons, and farms.

4

Individual indicator score for plant cover

desirable species) and 5 (desirable species >
800X) of the plant community).

Visual estimates of plant canopy cover
(100 minus percentage bare ground) were
positively correlated with the individual
PCS scores for the indicator (figure 6)
(Spearman r = 0.45, p < 0.001). There was
very poor agreement, however, within score
categories and no separation in distribution
of scores among categories. Visual estimates
of vegetation cover can be highly vari-
able compared with quantitative methods,
such as point-intercept or grid-point sam-
pling (GodInez-Alvarez et al. 2009). Other
research has shown that variation in visual
estiniates of ground or canopy cover was
least at the extremes and greatest between
20% and 80% (Murphy and Lodge 2002).
Plant canopy cover contributes to site sta-
bility and resistance to surface water runoff.
Critical values of ground cover are around
70% to 80% cover (Butler et al. 2006). Below
these levels, bare soil areas begin to merge,
which increases the potential for surface run-
off and erosion. The amount of hare ground
also indicates the effect of grazing on vegeta-
tion (Pueyo et al. 2006).

All pastures had greater soil resistance
than areas that did not receive animal traf-
fic. More than 70% of the soil compaction
indicator scores fell in categories 3 and 4
(figure 3). Field measurements of soil resis-
tance were positively correlated with the
indicator score (figure 7) (Spearman r =
0.44, p < 0.01).The mean values of soil resis-
tance in pastures seemed to he best related
to the PSC indicator scores in categories 3.
4, and 5 in spring and autumn. There was
a large overlap, however, aniong the distri-
butions of penetrometer data in all score
categories. There was very poor agreement
in score categories l and 2, which had the
fewest observations.

Soil compaction indicator scores were
lower in the summer than in spring or fall
(figure 7). Lower rainfall leading to dry soil
in the sunimer probably caused the increase
in soil resistance (we did not adjust pen-
etrometer readings for soil moisture). Dry
soils generally have greater resistance to pen-
etration than wet soils (Chanasyk and Naeth
1995). A soil resistance measure of 2.1 MPa
(300 psi) or greater is considered restrictive to
root growth (Taylor and Burnett 1964). Soil
resistance readings were at or near this value
on some pastures in summer and autumn.
The low compaction scores and associated
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Figure
Relationship between soil resistance measured by cone penetrometer and indicator scores for
soil compaction in spring, summer, and autumn. Boxes show the distribution of values from the
25th and 75th percentiles, whiskers indicate the ioth and 90th percentiles, solid lines insidehigh soil resistance readings that occurred
the boxes indicate the median values, and dashed lines indicate the means. Individual data 	 in the dry summer and autumn of 2004 and
points indicate outliers. Data are averaged for farms and years. The number of observations in 	 2005 (data not shown) changed in response
each category are indicated at each box plot. The * on the x-axis indicates penetrometer values 	 to removal of livestock, precipitation, and
from areas that received no animal traffic (e.g., under or just outside of fences),	 soil freeze-thaw action during the winter

and returned nearer to baseline levels in the
spring. Seasonal changes in soil hulk density
and resistance to penetration were closely
related to the soil water status of grasslands in
Canada (Chanasyk and Naeth 1995). Natural
recovery of soils from treading daniage by
livestock often is imsited to the surface 15 cm
(6 in) of soil (Drewry 2006). Heavily affected
soils may take a long time (months to years)
to recover.

The PCS system is mainly intended for
agency personnel use. Modifying the system
for rapid on-farm use would require simpli-
fying and broadening the rating categories
for some indicators, such as plant or ground
cover and legunie proportion among others
(Murphy and Lodge 2002). For example, in
a "pasture health kit" developed in Australia
(McCormick and Lodge 2001), seven indi-
cators of pasture status (ground cover, soil
surface resistance, proportion of productive
pasture plants, proportion of green herbage,
and suitability for annual production) are
estimated according to broad categories of
low, medium, and high. The categories for
the ground cover indicator are <40% (low),
40% to 70% (medium), and >70% (high).
For proportion of productive pasture species
(roughly equivalent to the "desirable plants"
indicator in PCS) the ranges are <450. 450
to 60%, and >60%. For legume proportion,
the ranges are <10%, 10% to 30%. and >40%.
Similarly, visual soil assessment methodol-
ogy for New Zealand hill country pastures
rates soil and plant indicators according to
three broad classes (Shepherd et al. 2000).
Our data suggest that some indictors in
the PCS systein could be modified with
fewer but broader categories to simplify its
use (e.g, the Vermont PCS version [USDA
NRCS 2009)).

Other approaches to evaluating pastures
have used herbage yield and nutritive value
indicators along with plant and soil status
indicators. Proposed indicators for intensively
managed grasslands in Germany include
legume content of the sward, dry matter
yield potential, crude protein and energy
concentration in the herbage, soil productiv-
ity class, and weed abundance (Treyse et al.
2008). Dry matter yield potential was based
on soil productivity class, and nutritive value
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estimates were based on estinsates of lei.tunte
and weed in the sward. Quantitative indices
based on the indicators were useful in diag-
nosing differences between conventional and
organic farms regarding production potential
and t n.snagci tt cit t status.

Summary and Conclusions
We demonstrated that pasture condition
scores vary among and within grazing sea-
sons mainly iii response to weather. Our data
suggest that assessing pasture condition at the
start of the grazing season, during stressful
growing conditions, and near the end of the
season would provide timely information
for making pasture management decisions.
Pasture condition scores also vary widely
within farms, primarily because of manage-
ment differences among pastures used for
different classes of livestock. Grouping pas-
tures managed and used for different classes
of cattle (e.g., heifer, dry cow, or holding
pastures) and monitoring representative sub-
sets, may reduce the monitoring workload.
Some pastures had inherent site characteris-
tics that would limit efforts to improve PCS
through management. In these instances,
evaluating indicators against an ecological or
site-type reference condition may he more
useful than striving for ''ideal" conditions.

Acknowledgements
We It.utk the tltrtiiers svho ,t!!osved us to come on their

Grit is to conduct this research. Their hospitality and inter-

est is nmch appreciated. This work was supported by

fluids front a Conservation Effects Assessment Project

(CEAP) jointly funded by the USDA Natural Resources

Conservation Service and the USDA Agricultural Research

Service. We also thank John Phillips, statistician for the

US! )A Agricultural Research Service North Atlantic Area,

Wytialinoor. Pennsylvania for guidance and assistance with

the nosed model analyses of the data: and Jeff Herrick,

USDA Agricultural Research Service, Las Cruces, New

Mexico, for providing helpful critical commmmmmemits on an ear-

lier 5 C rslciit cit mitts lct.ittttscrtlsi

References
ASAHI (ISimlers ccc Soc_iCr's at Agricttltmn.il cud lliologtc.tl

Ftiguiccrsj. '(106. ASABE Standards. l'roc edures for
Using and l&e1sornitg Data Obtained with the Sod Cone
Penetrometer, 1052-1055. Si. Joseph, MI: American
Society of Agricultural and Biological Engineers.

Butler. D.M.. l).H. Franklin. N.N. Ranells, M.H. Poore. and
J.T. Green. Jr. 2006. Ground cover impacts on sedinieni

and	 isp (lccrtts e\jSi)i t ticiid ttt,iitii red
Joitrtt.il cml Etivirc,ittttettt,tl Quality 3.5(0):3178-2 185.

livers, R.A.,attd G.M. Barker. 2000. Soil dwelling ttiacro-
inveriebrates in intensively managed dair y pastures in
Pennsylvania. New York, atidVernianmi. Grass alma! Forage
Science 55(3):253-270.

Byers, R.A.. G.M. Barker. R.L. Davidson, E.R. Hoeheke,
and M .A. Sanderson. 2000. Richness and abundance
of t;arabidae and Staphvintadae (Coleopier.a) ni
northeastern dairy pastures tinder intensive grazing.
Gre.it Lakes Entomologist 33(2):81-105.

Ch.tttcasyk, 1)5., and M.A. Naeth. 1995.  Gr.izmitg impacts on
hulk density and soil strength iii the foothills grasslands
of Alberta, Canada. Canadian Journal of Soil Science
7_5(4):_5_,l-55T

Cosgrove, I),, 11). Unders.inder, andJ.B. Cropper. 2001. Guide
to Pasture Condition Scoring. Ft. Worth, TX: USDA
Natural Resources Coitservatioit Service Grazing I ands
Technical Institute.

Cropper, J.B. 2003. Ecological sites and forage suitability
groups. Jut USDA NRCS National Range and
Pasture Handbook. ftp: /ftp-fc.sc.egossusda.gov/Gl . Ill

technical/pttblicatiotts/nrph/ilrplt-ch3pdf.
Cropper, J.13. 2004. Pasture Condition Scoring. Proceedings

of the American Forage and Grassland Conmicil,
Blackshnrg, Virginia. Jruie 2004, 456-460. Georgetowmi,
TX: American Forage and Grassland Council.

Drexvry.J.J. 2006. Natural recovery of soil physical properties
front treading damage of pastoral soils in Zealand
and Australia: A review. Agriculture. Ecosystems, and
Environment 114(2-4):159-169.

Federal Register. 2005. Conservation Security Program.
Federal Register 70(57):l 5277-15283.

Godinez-Alvarez, H., J.E. Herrick. M. Mattocks, D. Toledo,
and J . van Zee. 2009. Comparison of three vegetation
monitoring methods: Their relative utilit y for ecological
assessment and monitoring. Ecological Indicators
9.1001-1008.

Hedges, S..... and D. Kirkland. 1994. Pastures and forages.
lit Soul Sampling Procedures for the Southerti Region
of the United Sines, ed. W.O. Tltoan and W. Sabbe, 25-
30. Southern Cooperative Series Bulletin Nittatlser 377.
Lexiugioti KY: University of Kentucky.

Hoglind. M., and B. Fr.aitkow-Lindberg. 1998. Growing
poi nt dymiatnics and spring growth of white clover in
a mmxcii sward and the effects of nitrogen application.
Grass and Forage Science 53(4):338-345.

McCormick. L.H.. and G.M. Lodge. 2001. A field kit for
producers to assess pasture health in the paddock.
Proceedings of the 10th Australian Agronoitty
Conference. Hobart, Australia: The Australtama Society
of Agronomy. http://wwsv.regtonal.org.an/.an!
asa/200I /3/d/tticcorttiack.htni.

Murphy, SR., and G.M. Lodge. 2002. Ground cover
iii temperate native perennial grass pastures. I. A
comparison of four estimation methods. R.uimgel,uuid
Journal 24(2):288-30110.

Penn State University. 2002. Agronomy Facts 53. Diagnosing
soil cotttp.icttott using a penetrometer (soil compaction
tester). University Park, PA: College of Agricultural
Science Agricultural Research and Cooperative
Extension. littp://cropsoil.psti.edu/extetisioii/facts/
agfacts63.cfnt.

Pueyo. Y., C.L. Ahados. and C. Ferrer-Betmitnelm. 2006. Is
the analysis of plant communit y structure better than
conmiitott species-diversity indices for assessing the effects

hscsicc I. c_titmice on a Mccicnenr,nnc,nn ­ d cUcis\siC ills

jomirmt.il of Arid I nviromittientc 64(4)-698-7 12.
Pvke. l).A., J.E. Herrick. P. Shaver, and M. l'ellatit, 2002.

Rangeland health attributes and indicators for
qualitative assessment. journal of Range Management
53(6):584-597.

Sanderson, M.A.. S.C. Goslee. and J.B. Craipper, 2005.
Pasture assessment in the northeast United States.
Forage and Grazing Lands. dot: 10.1094/1'G-2005-
1031 -01 -RS, htttp:/ /wsvwplatittnanageimtettttaeiwOrk.
org/puh/fg/research/200S/assess/.

SAS (Statistical Analysis Systems) Institute. 2003. SAS for
Windows Version 9.1. Cary, NC: Statistical Analysis
Svstetmms Institute.

Shtephterd. TG.. H.J. jammssemm. and L. Bird. 2000. Visual simm1
assessment. Volume 4. Soil Management Guidelines
liar Hill Cotammtrv Laud Uses. Palmerston North.
New Zealand: Laud Care Research, hmttp://www.
l,cmtdcarerese,ircli.co.nz/research/soil/vsa/documents/
VSA_Vo14.pdf.

Sinus, J.T.. and A. Wolf (ed.) 1995 Recommended Soil
Testing 

procedures for time Northeastern Utuateal
States. Northeast Regional Bulletin 493, Agricultural
Experiment Station, University of Delaware, Newark.

Siavder. C., and R. Leep. 2007, Fertilization. In Forages: The
Science of Grassland Agriculture. ed. RE Barnes, C.J.
Nelson, K.J. Moore, and M. Collins, 355-377. Ames. IA
llh.tckxvehl lauih,ltshmimtg.

Tay lor. HM.. and E. Burnett. 1964. Influence of soil
strength oil the root growth habit of plants. Soil Scmemmce
89(l):171-180.

Thoimmas, R.J. 1992. The role of the legumate in the nitrogen

cycle of productive and sttstammi,uhle pastures. Grass and
Forage Science 47(2):133-142.

Tracy, B.F., and M.A. Sanderson. 2000. Patterns of plant
species richness iii pasture lands of the northeast United
States. Plant Ecology 149(2):169-180.

Treyse, K., M. Kelumm, H. Melmrtemts, and E Tauhe. 2008. An
indicator-based approach for assessing sustainahiluty
of imateimsivehv managed grassland. Berachte uher
Lammdwirtshuft 86(l):79-102.

USDA NRCS (Natural Resources Conservattotm Service).
2003. National Resource Inventory 2003 Annual NRI.
li ttp://ssww.iircs.usda.gov/1 ECHNICAL/NRI/2003/

na n o utah l.a a id ru cc . hi tmmtl.
USDA NRCS. 20114. Grassland Reserve Progranu

Environmental Assessment. http://www.turcs.usda.

gos /prograni/etms'_assess/GRP/ Funal_G RP_EA_
!LIt6O4lFRuule.pdf.

USDA NRCS. 2009. Vermiuottt Pasture Condition Score
Sheet. littp://efotg.iircs.tisda.gov/rcfereiices/ptiblic/
VT/VTJa,asturr_Conditiomm_Score.pdf.

JOURNAL OF SOIL AND WATER CONSERVATION 	
NOV/DEC 2009-VOL. 64, NO.6 1 433


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

